Context: Identifying relationships among anatomical structures is key in diagnosing somatic dysfunction. Ultrasonography can be used to visualize anatomical structures, identify sacroiliac landmarks, and validate anatomical findings and measurements in relation to somatic dysfunction. As part of the osteopathic manipulative medicine course at A.T. Still University-Kirksville College of Osteopathic Medicine, first-year students are trained to use ultrasonography to establish relationships among musculoskeletal structures.
length, and thickness of the long posterior sacroiliac ligament, which could provide useful normative data for its pathology, particularly in patients with pregnancy-related pelvic girdle pain.
Studies have demonstrated the effectiveness of incorporating ultrasonography in the medical school classroom. 6, 7 Second-year medical students improved their accuracy of measuring internal organs using ultrasonography. 9 Other studies have demonstrated that ultrasonography is a skill that first-year medical students can master with appropriate training. 10, 14 The incorporation of ultrasonography in first-year osteopathic manipulative medicine courses has been suggested to increase students' confidence in palpatory skills in relation to somatic dysfunction and to give students a clinically advantageous skillset in image acquisition and interpretation. 15 Asymmetry of body landmarks is one of the features of somatic dysfunction. 16 In a study by Shaw et al, 17 differences in asymmetry of the lumbar spine transverse processes were measured using musculoskeletal ultrasound imaging before and after osteopathic manipulative treatment. To date, minimal osteopathic medical research has been conducted on imaging methods to assess the relationship among body landmarks.
With the increasing need for an evidence base in the medical professions, the objective understanding of palpatory assessment methods is especially important for future osteopathic physicians. 15 Ultrasonography can be used to visualize anatomical structures, identify sacroiliac landmarks, and validate anatomical findings and measurements in relation to somatic dysfunction. The purpose of the current study was to determine the ability of first-year osteopathic medical students to establish sacral base position (SBP) and sacral sulcus depth (SSD) using ultraultra- Currently, no definitive physical, radiologic, or patient history findings exist that can be used to diagnose sacroiliac joint pain. In one study, 4 the lumbar spine and pelvis were clinically assessed to understand the bony pelvic anatomical landmark asymmetry in the lumbar-pelvic region. Another study 5 showed that accurate identification of lumbar spinous processes using multiple landmarks was dependent on examiner experience, the presence of anatomical anomalies, and participant characteristics, such as the presence of a 12th rib, body mass index (BMI), and sex. Understanding pelvic anatomical landmarks is also important in osteopathic medical education. Concepts of asymmetry in the lumbar spine and pelvis are often taught as basic facts, with little discussion of validity or reliability, but growing evidence suggests that some of these concepts are invalid or incompletely understood. [6] [7] [8] [9] [10] Ultrasound imaging is becoming more widely used by physicians for procedural guidance, diagnostic assessment, and screening. 11 One study 12 compared clinical and radiologic evaluation of the sacroiliac joint with ultrasonography in patients with a recent diagnosis of spondyloarthritis. The authors found that ultrasound imaging was a promising method to study the articular and soft tissues of the sacroiliac joint, independent of clinical and radiographic examination. 12 Ultrasonography has also been used successfully to assess the posterior ligaments of the sacroiliac joint, which have been identified as a potential source of nonspecific low back pain or peripartum pelvic pain. 13 Findings from these studies 12,13 document the sonographic appearance, tween the skin and the sacral base) and the distances between the skin and the tip of the PSIS. Next, students calculated the SSD (the distance between the tip of the PSIS and the SBP) ( Figure) . In other words, SSD = (distance from the skin to the PSIS) -(SBP).
The student scanners also recorded the BMI, sex, and age of the student being scanned. Students were not categorized as having present or past, acute or chronic musculoskeletal lumbar or sacral problems, injuries, or anomalies. No prescreening was performed.
Data Analysis
The amount of asymmetry for SBP and SSD between the left and right sides was calculated as the absolute value of the difference between the 2 sides. The distances for SBP and SSD as well as the asymmetry were reported in millimeters as mean (95% CI). General linear mixed models were fit to the data to determine whether each side, BMI, sex, and age were related to SBP and SSD, where side was a within-participant factor and BMI, sex, and age were between-participant factors. Body mass index was subdivided into normal (18) (19) (20) (21) (22) (23) (24) (25) 
Results
Ultrasound images were successfully obtained by 225 first-year osteopathic medical students for the sacral landmarks assignment, and images of 211 students who met the inclusion criteria were used for analysis. 
Ultrasonography Assignment
The osteopathic manipulative medicine course required for first-and second-year students integrates ultrasonography assignments in which students investigate anatomical landmarks. In the current study, the assignment required students to obtain ultrasound images from each other, identify target structures, and acquire images, which they saved on an external memory card during the allotted scanning time (30 minutes per student). Age was not significantly related to SSD (P=.39).
Discussion
The current study found statistically significant relationships between SBP and overweight and female students. This finding may reflect that more soft tissue overlays the sacrum in these groups. The clinical relevance of these findings may relate to multiple pain and disability issues, such as sacroiliac joint dysfunction, low back and pelvic-related pain, postural-related disabilities, and autonomic and lymphatic-related problems. Recognizing relationships, spatial orientation, and 3-dimensionality of body landmarks, which is important for identifying somatic dysfunction, is challenging for many students. 5 The novice student often has difficulty palpating bony landmarks and anatomic structures to form a diagnosis of somatic dysfunction because palpatory accuracy is dependent on examiner experience. 5 The measurement of depths of structures using ultrasound imaging provides feedback to students about the accuracy of their perceived measurements. 18 Furthermore, these measurements may be used to obtain normative values for musculo- schools have integrated ultrasonography into curricula.
Second, no control group was used for comparison because all of the students were required to complete the sacral landmarks assignment. Third, because no interexaminar studies or repeated measurements were performed, we could not describe this dataset as normative data. Last, our only exclusion criteria were age and BMI. We did not group students on the basis of their medical history, and no prescreening was performed.
Because of the nature of this feasibility study, in which osteopathic medical students made up the study sample, this limitation was difficult to avoid. The overwhelming majority of students were healthy, and the statistical power needed to infer any conclusions on the basis of an existing or preexisting medical condition would require a much larger sample.
Conclusion
Our study yielded repeatable and reproducible results establishing SBP and SSD using ultrasonography.
First-year osteopathic medical students with higher BMI and women had significantly larger SBPs. However, more data from a larger and more diverse population are necessary to confirm the perceived depths and positions of anatomic structures that are critical for the diagnosis of patterns of somatic dysfunction of the sacrum and pelvis. Studies using ultrasound imaging to establish criteria for somatic dysfunction may be beneficial for the treatment of patients presenting with functional problems related to the sacrum and associated structures.
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tion of the sacrum. Because most of the students were able to accurately identify and measure specific anatomical landmarks using ultrasonography, this imaging technology may be a useful diagnostic aid in patients with somatic dysfunction.
Results from the sacral landmarks assignment of the current study may be useful for establishing normative values for SBP and SSD and their relationship to BMI and sex. This educational assignment allowed students to develop critical thinking and data analysis skills for the future practice of evidence-based medicine, especially in relation to investigating somatic dysfunction and to acquisition and interpretation of musculoskeletal ultrasound images.
The current study had several limitations. First, it was conducted at a single institution. This limitation was difficult to avoid because few osteopathic medical 
